Lactobacillus delbrueckii subsp. sunkii subsp. nov., isolated from sunki, a traditional Japanese pickle Although four strains of bacteria isolated from sunki, a traditional Japanese, non-salted pickle, were initially identified as Lactobacillus delbrueckii, the molecular and phenotypic characteristics of the strains did not match those of any of the four recognized subspecies of L. delbrueckii. Together, the results of phenotypic characterization, DNA-DNA hybridizations (in which the relatedness values between the novel strains and type strains of the recognized subspecies of L. delbrueckii were all .88.7 %) and 16S rRNA gene sequence, amplified fragment length polymorphism (AFLP) and whole-cell MALDI-TOF/MS spectral pattern analyses indicated that the four novel strains represented a single, novel subspecies, for which the name Lactobacillus delbrueckii subsp. sunkii subsp. nov. is proposed. The type strain is YIT 11221 T (5JCM 17838
2003). Germond et al. (2003) investigated 16S rRNA gene sequence mutations, expression of b-galactosidase and cellwall-anchored protease, galactose metabolism and the distribution of insertion sequences (IS elements), as well as characterizing the lactose operon locus and lacR gene sequences, in L. delbrueckii subsp. lactis, L. delbrueckii subsp. bulgaricus and L. delbrueckii subsp. delbrueckii. Unfortunately, none of these analyses was found useful for distinguishing L. delbrueckii subsp. delbrueckii from the other subspecies of L. delbrueckii that were then recognized, although another type of molecular characterization, amplified-fragment length polymorphism (AFLP) analysis, did allow the identification of L. delbrueckii subsp. indicus as a fourth subspecies (Dellaglio et al., 2005) . Tanigawa & Watanabe (2011) recently investigated 41 strains of L. delbrueckii, by AFLP analysis, the multilocus sequence typing (MLST) of seven housekeeping genes (fusA, gyrB, hsp60, ileS, pyrG, recA and recG) and sugar fermentation tests. The results indicated that some reclassification of the subspecies of L. delbrueckii might be necessary, since the strains of L. delbrueckii subsp. bulgaricus formed a cluster that was surprisingly distinct from the cluster formed by strains of L. delbrueckii subsp. indicus. Furthermore, the type strain of L. delbrueckii subsp. delbrueckii was clearly separate from the other strains currently classified as members of this subspecies, which appeared more closely related to the investigated strains of L. delbrueckii subsp. lactis. Tanigawa & Watanabe (2011) also suggested that the four strains derived from sunki that they investigated represented a novel subspecies of L. delbrueckii.
In 2004, four strains of bacteria, designated YIT 11220, YIT 11221 T , YIT 11466 and YIT 11673, were isolated from samples of sunki and initially identified as L. delbrueckii. Since the molecular and phenotypic characteristics of these strains did not match those of any of the four recognized subspecies of L. delbrueckii, the taxonomic positions of the strains were investigated by following a polyphasic approach. ) and 19 other strains previously assigned to a subspecies of L. delbrueckii were obtained from the culture collection of the Yakult Central Institute in Tokyo, Japan (Table S1 , available in IJSEM Online). Prior to testing, unless indicated otherwise, the novel and reference strains were grown for 1 or 2 days, at 37 u C and pH 6.8, in MRS broth (Difco; de Man et al., 1960) .
The genomic DNA used in the analysis of 16S rRNA gene sequences and AFLP typing was prepared according to the method of Watanabe et al. (2008) . The methods used for the amplification and subsequent sequencing of 16S rRNA genes were those described by Chao et al. (2008b) . The PCR mixture (25 ml) contained 10 mM Tris/HCl (pH 8.3), 50 mM KCl, 200 mM of each deoxyribonucleotide triphosphate, 1 mM MgCl 2 , 1 mg BSA, 0.5 U Taq DNA polymerase (Takara Bio), 0.1 mM of each primer and 10 ng template DNA. The thermocycler was set to give an initial denaturation step of 2 min at 94 u C, followed by 30 cycles, each of 20 s at 94 u C, 30 s at 55 u C and 20 s at 72 u C, and then a final extension of 3 min at 72 u C. The amplicons were purified, using a Montage PCR filter unit (Millipore) according to the manufacturer's instructions, before being sequenced by using version 3.1 of the ABI PRISM BigDye Terminator cycle sequencing kit (Applied Biosystems) and an ABI PRISM 3130xl genetic analyser (Applied Biosystems). The sequences were assembled using version 2.1 of the Autoassembler package (Applied Biosystems) and version 15.0 of the GENETYX-MAC package (Software Development). The closest known relatives of the novel strains were identified using FASTA (Pearson & Lipman, 1988) , before the relevant sequences of the closely related species were retrieved from the GenBank/EMBL/DDBJ databases. Multiple alignment of the sequences was carried out with version 2.0.12 of the program CLUSTAL_X (Thompson et al., 1997) . The almost-complete 16S rRNA gene sequences of the novel strains and strains of related species were used in the construction of a neighbourjoining phylogenetic tree (Saitou & Nei, 1987) . The topology of the tree was evaluated by bootstrap analysis with 1000 replicates (Felsenstein, 1985) . The MEGA4 package (Tamura et al., 2007) was used to construct minimumevolution (Rzhetsky & Nei, 1992) and maximum-parsimony (Fitch, 1971) trees, using the same sequences and the Kimura two-parameter model (Kimura, 1980) . The novel strain YIT 11221 T appeared to be closely related to the type strains of all four recognized subspecies of L.
T and L. delbrueckii subsp. lactis YIT 0086 T ), with 16S rRNA gene sequence similarities of at least 98.8 %. In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, the four novel strains were placed in a cluster formed of members of the species L. delbrueckii (Fig. S1 ). Similar topologies were seen in the corresponding minimum-evolution and maximum-parsimony trees (data not shown).
AFLP analysis was performed by following the method of Tanigawa & Watanabe (2011) and using EcoRI and MseI ligation/amplification modules (Applied Biosystems). Total DNA was digested with EcoRI and MseI restriction enzymes (Takara Bio) before the DNA fragments were ligated to double-stranded restriction-site-specific EcoRI and MseI adaptors. The primers EcoRI-A (59-GACTGCATACCACCAATTCA-39) and MseI-CA (59-AATGAGTCCTGAGTAGCA-39) were used for the preselective and selective PCR [the selective base(s) at the 39-end of each primer are underlined]. The amplicons were analysed on an ABI PRISM 3130xl genetic analyser in standard fragment-analysis mode, using GENESCAN-500 LIZ (Applied Biosystems) as the size standard. After electrophoresis, the AFLP patterns were recorded and analysed using version 4.0 of the GeneMapper package (Applied Biosystems). A threshold fluorescence value of 100 arbitrary units was used to eliminate background fluorescence, and only DNA fragments of 51-500 bp were analysed. Fragments from different strains that had the same length were assumed to be identical and were classified as the same alleles. Bands of different sizes were treated as independent loci, each with two alleles (present or absent). The data, which were exported in binary format (with 1 and 0 indicating the presence and absence of a particular band, respectively) were analysed in the package MEGA4. For this analysis, an unweighted pair-group method with arithmetic means (UPGMA; Sneath & Sokal, 1973) and Dice coefficient, with a bootstrap analysis involving 100 repetitions, were used. The 27 strains included in the analysis were separated into four major clusters (Fig. 1) . Cluster A consisted of two strains of L. delbrueckii subsp. delbrueckii, nine of L. delbrueckii subsp. lactis and the four novel strains. Cluster B comprised only a single strain (the type strain of L. delbrueckii subsp. delbrueckii), cluster C consisted of seven strains of L. delbrueckii subsp. bulgaricus and cluster D consisted of four strains of L. delbrueckii subsp. indicus. Within cluster A, the four novel strains, whose band similarities were .97 %, formed a distinct subcluster (Fig. 1) .
Cell protein for analysis by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF/MS) was extracted by the ethanol/formic acid method. Briefly, 4 ml culture (incubated overnight) was centrifuged at 14 000 g for 5 min. The resultant cell pellet was washed twice in double-distilled water before the cells were resuspended in 500 ml of 70 % (v/v) ethanol and then centrifuged down at 10 000 g for 2 min. The pellet produced was mixed with 10 ml of 70 % (v/v) formic acid, by vortexing, and then gently mixed with 10 ml acetonitrile. The resulting mixture was centrifuged, again at 10 000 g for 2 min, before 0.5 ml supernatant solution was applied to a FlexiMass-DS disposable MALDI target (Shimadzu), airdried and then overlaid with 1 ml matrix solution, which comprised a-cyano-4-hydroxycinnamic acid (Shimadzu) at a concentration of 20 mg ml 21 (3 % trifluoroacetic acid/ 33 % acetonitrile/33 % ethanol). MALDI mass spectra in the range of 2000-20 000 molecular masses (m/z) were recorded, in positive linear mode, by averaging 500 individual laser shots made in an Axima Performance MALDI-TOF/TOF spectrometer (Shimadzu) equipped with a pulsed N 2 laser (l5337.1 nm; pulse width53 ns; frequency550 Hz). The spectra were calibrated externally by using Escherichia coli DH5a electro cells (Takara Bio) as the reference standards. MALDI-TOF/MS peaks from different strains that showed the same m/z value were assumed to be identical and were classified as the same alleles. Peaks of different m/z were treated as independent loci with two alleles (present or absent). Data were exported in binary format and analysed like those from Lactobacillus delbrueckii subsp. sunkii subsp. nov.
the AFLP analysis. The 27 L. delbrueckii strains included in the MALDI-TOF/MS analysis were separated into three major clusters (Fig. 2) . Cluster A consisted of three strains of L. delbrueckii subsp. delbrueckii, nine of L. delbrueckii subsp. lactis and the four novel strains. Cluster B consisted of seven strains of L. delbrueckii subsp. bulgaricus while cluster C consisted of four strains of L. delbrueckii subsp. indicus. In the tree based on MALDI-TOF/MS patterns (Fig. 2) , as in the tree based on AFLP patterns, the four novel strains formed a tight, separate subcluster in cluster A.
The genomic DNA used to determine the DNA G+C contents of the novel and reference strains and to investigate DNA-DNA relatedness values among the same strains was extracted according to the method of Marmur (1961) . To assess its G+C content, DNA was enzymically degraded into nucleosides (Mesbah et al., 1989) and then separated by HPLC. The genomic DNA G+C contents of the four novel strains (50.9-51.7 mol%) were very similar to the corresponding values for the type strains of the four recognized subspecies of L. delbrueckii (50.5-54.3 mol%).
DNA-DNA hybridizations were performed in microdilution wells; photobiotin was used for the DNA labelling (Ezaki et al., 1989) . Reciprocal hybridization experiments were carried out at 45 u C for 2 h in the presence of 50 % (v/v) formamide, using biotinylated DNA and unlabelled, single-strand DNA that had been bonded, non-covalently, to microplate wells. For each hybridization, the highest and lowest values from eight replicate wells were excluded before the means of the six remaining values were calculated and recorded as a relatedness value. The DNA-DNA relatedness values among the four novel strains were high (at least 94.8 %), whereas those between strain YIT 11221 T and L. delbrueckii subsp. bulgaricus YIT 0181 T (91.6 %), L. delbrueckii subsp. delbrueckii YIT 0080 T (88.7 %), L. delbrueckii subsp. indicus YIT 11751 T (90.1 %) and L. delbrueckii subsp. lactis YIT 0086 T (89.0 %) were slightly lower. These values indicate that the four novel strains belong to a single taxon within the species L. delbrueckii (Table S2) .
Morphological, cultural and biochemical tests were performed, according to standard techniques, at 37 u C unless otherwise stated. Cell shape, cell size and Gram staining were determined by using cultures grown in MRS broth at 30 u C for 16 h. Motility was tested in soft MRS agar that contained 0.15 % (w/v) agar. Catalase activity was also determined using cells grown on MRS agar. Gas production from glucose was measured with a Durham tube in MRS broth. Production of dextran was assessed on MRS agar in which the usual glucose had been replaced with 2 % (w/v) sucrose. The methods of Barrow & Feltham (1993) were used to determine growth at various temperatures and pH values and growth with various concentrations of NaCl, and to determine if the novel strains reduced nitrate and/or produced ammonia from arginine. Carbohydrate fermentation tests were conducted by using the API 50 CHL system (bioMérieux) according to the manufacturer's instructions. The presence of diaminopimelic acid in the cell-wall peptidoglycan was investigated by the method of Kandler & Weiss (1986) . Cell-wall peptidoglycan was prepared and hydrolysed according to the method of Schleifer & Kandler (1972) so that the amino acids could be analysed, by HPLC, in an Alliance 2695 system (Waters) equipped with a fluorescence detector (model 474; Waters) and an AccQ-Tag column (3.96150 mm; Waters). The AccQ-Fluor reagent (Waters), 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate, was used for the derivatization.
Cellular fatty acid methyl esters were obtained from cells grown on MRS agar at 30 uC (YIT 11221 T ) or 37 uC (other strains) for 3 days by saponification, methylation and extraction using the method of Miller (1982) with minor modifications (Kuykendall et al., 1988) . Fatty acids were then identified by following the protocol of the Sherlock Microbial Identification System (MIDI) and using the MOORE5 library. The isomers of lactic acid formed from glucose were determined by using the TC D-/L-lactic acid test kit (Boehringer Mannheim).
The four novel strains differed from the type strains of the four recognized subspecies of L. delbrueckii in several phenotypic characteristics. For example, all four novel strains were positive for acid production from D-mannitol, melibiose and gentiobiose, growth at 15 u C and ammonia production from L-arginine whereas all of the type strains of the recognized subspecies of L. delbrueckii were negative for all of these characteristics (Table 1) . Based on the genotypic, proteomic and phenotypic evidence, the four novel strains represent a single novel subspecies of L. 
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Description of Lactobacillus delbrueckii subsp. sunkii subsp. nov.
Lactobacillus delbrueckii subsp. sunkii (sun9ki.i. N.L. gen. n. sunkii of sunki, the name of the non-salted, traditional, Japanese pickle from which the type strain was isolated). ), was isolated from sunki, a traditional, Japanese pickle, in the Nagano prefecture of Japan. The genomic DNA G+C content of the type strain is 51.0 mol%. 
